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Abstract
Various areas related to fixture are already described by renowned authors, but still there is an urgent need to apply all these 
research works to an industrial application. This paper presents design and development of rotary fixture for machining real 
industrial component - Flow TEE body of petroleum refinery. Actually HMC is the best solution for performing the required 
operations, but HMC costs around 12.5 million rupees whereas CNC turning centre costs only about 2.5 million rupees. Here the
research work of this paper is proved. A fixture is designed & manufactured, which helps to accomplish required machining
operations on CNC turning centre and hence 10 million rupees are saved in installation cost. Methodology for mass balance of 
rotary fixture developed by investigators mostly act as post-mortem tool; calculating unbalanced mass after fixture is 
manufactured. In the present work, a pre-mortem tool is developed to predict unbalanced mass well before manufacturing. The 
present research work also proposes three alternate methods for mass balancing of rotary fixture using Pro/Mechanism. 
Analytical analysis under dynamic machining is also covered. Fixture not only being designed and mass balanced, but 
manufactured also; this paper sets the classical example of design for manufacturing.
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1. Introduction
The machine tool industry has undergone sufficient changes as the requirement of user engineering systems 
changed; first it started with the manufacture of basic general purpose machine tools. These machines though 
offered higher flexibility were not suitable for mass production. With growing need of fast production, mass 
production machines are conceived. These machines were highly specialized but inflexible.  Thus great need is felt 
for tools that could bridge the gap between highly flexible general purpose machine tools and highly specialized, but 
inflexible mass production machines. Numerical control machine tools with proper fixture set up have to take up this 
role very well.  And this has excited this research work on design and development of rotary fixture for CNC. 
Fixture designing and manufacturing is considered as complex task that demands the knowledge of different 
areas such as geometry, tolerances, dimensions, procedures and manufacturing processes. While designing this 
work, a good number of literature and titles written on the subject by renowned authors are referred. Fixturing Plan 
(FP) and Machining Plan (MP) are mutually dependent [1]. Implicit to this conclusion, paper coordinates MP and 
FP by coupling fixture design with manufacturing and mass balancing. For this research, a relevant issue when 
considering requirements, taking this as a general concept, is to make explicit meaning of two main terms: 
Functional Requirement (FR) and Constraint (C) [2]. Though some contributions have been made in several areas 
related to design of fixture like knowledge model for fixture design process, workpiece location, computer aided 
fixture design, fixture analysis under dynamic machining etc. [3-8], there is a great deal of urgency and importance 
to couple all these research works to an industrial application. This paper reviews all these research works and 
transforms the theoretical knowledge of fixture design to practical application. 
The balancing  of mechanisms  is motivated by continuous  interest machine  designers express  in  the  solution  
of  problems  concerning  prevention  of  noise,  wear  and  fatigue generated by  the  transmission  of  unbalanced  
shaking  forces  and  shaking  moments  to  the frames  and  foundations  of machines.  It  generally  confines  itself  
to  the  shaking  force  and shaking  moment  balancing,  full  or  partial,  by  internal  mass  redistribution  or  
counterweight addition. However,  the complete  shaking  force  and  shaking  moment  balancing  problem  is  very 
complicated [7]. Methodology for mass balance of rotary fixture developed by investigators mostly act as post-
mortem tool; calculating unbalanced mass after fixture is manufactured. In the present work, a pre-mortem tool is 
developed to predict unbalanced mass well before manufacturing. Step by step procedure for mass balancing of 
rotary fixture is proposed with the innovative approach of use of Creo Elements/Pro 5.0. The present research work 
proposes three alternate methods of IV Quadrant, VIII Quadrant and VIII Diamond Quadrant Computer Aided Mass 
Balancing Method (CAMBM) for rotary fixture. The important details of the part and fixture are included in each 
fixture design section for clarifying doubts in addition to component drawing & fixture drawing. The research work 
includes 3D assembled & exploded view of fixture using Creo Elements/Pro 5.0.  The  object of  work  presented  
here  is  to develop  the  study and to  provide  the  optimum  conditions  of  design and development of rotary 
fixture for CNC.
Nomenclature
n            revolutions per minute
s           feed per revolution
t             depth of cut
x            approach angle
U           unit power
Sm          feed per minute 
Q           metal removal rate
as          average chip thickness  
N           power at the spindle 
Nel         power of the motor 
Pz              tangential cutting force 
Ts          torque at the spindle
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2. Design & Development of Rotary Fixture
2.1. Statement of problem
“Design & development of rotary fixture for machining flow TEE body on CNC turning centre.  The operations 
to be performed are front facing, outside diameter turning, grooving, boring and back facing. The fixture being 
rotary in nature has to be mass balanced. Three set up of fixture are to be designed to perform required operations.”
2.2. Component details
The methodology proposed for design of a fixture includes the realization of two stages. The first stage represents 
the knowledge of the objects like part geometry, machining process, functional and detailed fixture design and 
fixture resources. The second stage describes the inference process (design and interpretation rules) needed to obtain 
first solution for the machining fixture [3]. 
As a part of first stage, component geometry is discussed in this section and shown in Fig. 1. The component is 
Flow TEE body, made up mild steel, weighing 46.5 kg and is one of the components of petroleum refinery. The 
component is used as a joint or coupler for pipes through which petroleum liquid products flow and gets mixed. The 
component in raw material form is forged, proof machined with 3 mm machining allowance on conventional lathe 
with 24 inch swing over diameter. The operations to be performed on component, using designed fixture set up, are 
front facing, outside diameter turning, grooving, boring and back facing.
a b
d
c
Fig. 1. (a) finished part drawing; (b) 3D view of raw component; (c) cross-sectional view of finished part; (d) 3D view of finished part
2.3. Design of set up – I fixture 
Location & clamping of set up – I fixture is accomplished by using three V-blocks and latch clamp as shown in 
Fig 2. Elements of fixture assembly include V-block, latch clamp, base plate, vertical plate, adapter plate, locator 
and rib. The fixture uses three V-blocks to locate and a latch clamp to hold the component. The latch clamp consists 
of two M 6 bolts to directly clamp the workpiece. The chuck of CNC turning centre will be replaced with complete 
fixture set up using an adapter plate. The adapter plate holds the same dimensions of chuck plate. The locator locates 
the vertical plate in correct position with adapter plate. The base plate serves to hold the fixture assembly. The ribs 
are clamped to base plate and provide the holding arrangement for latch clamp. Fixture rotates with 550 rpm while 
performing operations on CNC turning centre. The specification of spindle nose of CNC turning centre used in this 
work is A2-8, which can carry weight of 450 kg. The fixture is directly mounted on spindle nose.
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Fig. 2. (a) 2D drawing of fixture; (b) 3D view of fixture without component; (c) 3D rear view of fixture; (d) 3D view of fixture with component; 
(e) 3D exploded view of fixture.
2.4. Computer aided mass balancing of set up –I fixture 
Methodology developed by most of the researchers mostly act as post-mortem tool, calculating and determining 
unbalanced mass after fixture is manufactured followed by unbalanced mass removal or counterweight addition. A 
tool that could predict unbalanced mass during design stage is not yet developed. The present volume of this paper 
proposes the unique method of use of Creo Elements/Pro 5.0, which would enable prediction of unbalanced mass 
during design stage well before manufacturing. This approach would be highly useful in the shop floor as it results 
in saving in material cost, increasing the productivity and decreasing the human labour. In this work, fixture is 
balanced by adding counterweight equal in magnitude and opposite in direction as that of resultant unbalanced mass. 
As the fixture is asymmetrical, it has to be mass balanced.  The fixture rotates about one axis; hence it has to be 
balanced about other two perpendicular axis. x - axis is taken as axis of rotation in the present analysis work. Three 
innovative methods are proposed to mass balance the fixture – IV Quadrant, VIII Quadrant and VIII Diamond 
Quadrant. 
2.5. IV Quadrant computer aided mass balancing of set up -1 fixture
Step 1: C. G., weight of fixture and offset distance of C. G. from axis of rotation are determined as shown in Fig. 
3 (a). The important results are:  weight of fixture with component and without unbalanced mass = 233.12 kg. C.G. 
is offset from axis of rotation along x – axis by -130.56 mm, y – axis by -1.11 mm and z – axis by 2.38 mm.
Step 2: Now fixture is cut in 4 quadrants about 2 axis, perpendicular to each other and perpendicular to axis of 
rotation below as shown in Fig. 3 (b).
Step 3: The weight and C. G. of fixture in each quadrant are determined as shown in Fig. 3 (c); (d); (e); (f).
Step 4: The above outputs of weight of fixture and C. G. of each quadrant are summarized. Sum of moment about 
x – axis (ɇmixi) and that of about y – axis (ɇmiyi) are calculated as shown in table 1. 
Step 5: According to principles RI PHFKDQLFV Ȉ)    for mass balancing. The sum of unbalanced mass in 
KRUL]RQWDOGLUHFWLRQȈ)H DQGLQYHUWLFDOGLUHFWLRQȈ)V is calculated as shown in table 1.
Step 6: Resultant unbalanced mass (R) and its line RIDFWLRQLQWHUPVRIDQJOHĮZLWK[-axis are calculated using 
parallelogram law of forces as shown in table 2.
Step 7: X & Y co-ordinate of centre of gravity of resultant unbalanced mass are calculated as shown in table 3.
The unbalanced mass is found to be 24.75 kg and its C. G. is situated at an angle of 13.45o with x-axis at a 
distance of 19.44 mm in quadrant III. Hence the fixture can be balanced by placing the counterweight equal in 
magnitude and opposite in direction as that of unbalanced mass.
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Fig. 3. (a) Mechanics analysis of fixture; (b) 3D view of fixture in 4 quadrants; (c) Weight and C. G. of fixture in quadrant I; (d) Weight and C.G. 
of fixture in quadrant II; (e) Weight and C. G. of fixture in quadrant III; (f) Weight and C. G. of fixture in quadrant IV.
Table 1. Summary of weight and C. G. of set up – I fixture in all quadrants.
Quadrant
(i)
Mass,
mi 
(kg)
Co-ordinates of C. G.
(mm)
WDQși și 
(degree)
FRVși FH = miFRVși
(kg)
VLQși FV = miVLQși
(kg)
mixi
(kg. mm)
miyi
(kg. mm)
xi yi
I 38.50 83.09 92.04 1.11 47.92 0.67 25.80 0.74 28.58 3198.97 3543.54
II 48.09 -103.00 80.78 0.78 38.11 0.79 -37.84 0.62 29.68 -4953.27 3884.71
III 53.36 -101.14 -77.35 0.76 37.41 0.79 -42.38 0.61 -32.42 -5396.83 -4127.40
IV 43.82 82.35 -85.71 1.04 46.14 0.69 30.36 0.72 -31.60 3608.58 -3755.81
 -24.07 -5.76 -3542.56 -454.96
Table 2. Calculation of resultant unbalanced mass, R.
Quantity Magnitude
Ȉ)H2 579.24 kg2
Ȉ)V2 33.17 kg2
Resultant, R = ¥Ȉ)H2 Ȉ)V2) 24.75 kg
Į 13.45o
Table 3. Calculation of X & Y co-ordinate of C.G. of resultant unbalanced mass.
Quantity Magnitude
(rcm)x = Pixi/Pi -19.28 mm
(rcm)y = Piyi/Pi -2.48 mm
[(rcm)]2 = [(rcm)x]2+ [(rcm)y]2 377.74 mm2
rcm 19.44 mm
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2.6. VIII Quadrant and VIII diamond quadrant computer aided mass balancing of set up -I fixture
In VIII quadrant computer aided mass balancing method, fixture is cut in 8 quadrants about 4 axis at angle of 450
to each other and perpendicular to axis of rotation. Following same steps as IV Quadrant Computer Aided Mass 
Balancing Method, the unbalanced mass is found to be 21.00 kg and its C. G. is situated at an angle of 19.01o with 
x-axis at a distance of 19.42 mm in quadrant III. Hence the fixture can be balanced by placing the counterweight 
equal in magnitude and opposite in direction as that of unbalanced mass. In VIII diamond quadrant aided mass 
balancing method, fixture is cut in 8 quadrants in diamond cutting method and perpendicular to axis of rotation as 
shown in Fig. 4. Again following same steps for mass balancing, the unbalanced mass is found to be 25.30 kg and 
its C. G. is situated at an angle of 11.37o with x-axis at a distance of 19.44 mm in quadrant III. Hence the fixture can 
be balanced by placing the counterweight equal in magnitude and opposite in direction as that of unbalanced mass.
1
2
3
4
75
6 8
Fig. 4. 3D view of Set Up-1 fixture in 8 Diamond Quadrants 
2.7. Comparison of Results obtained from three methods used for Computer Aided Mass Balancing 
Table 4. Comparison of result obtained from three methods used for computer aided mass balancing of set up – 1 fixture
Parameters IV quadrant VIII quadrant VIII diamond quadrant
Unbalanced Mass (kg) 24.75 21.00 25.3
Angle at which C.G. of unbalanced mass is situated (degree) 11.89 19.01 11.37
Distance at which C.G. of unbalanced mass is situated (mm) 19.43 19.42 19.44
Quadrant in which C.G. of unbalanced mass is situated III III III
Total mass of fixture including mass of component and unbalanced mass (kg) 257.87 254.12 258.42
Actual mass of fixture including mass of component and unbalanced mass (kg) 269.73 269.73 269.73
Absolute Error 11.86 15.61 11.31
Relative Error 0.04 0.06 0.04
Percentage Error 4.59 6.14 4.38
2.8. Finite Element Analysis of set up - 1 fixture
One of the fixturing requirements is that the fixture must limit deformation of the workpiece [5]. It is important to 
consider the cutting forces as well as the clamping forces on the workpiece. Excessive cutting and clamping forces 
result in workpiece deflections and deformations depending on the elasticity of the part. Finite element analysis has 
demonstrated to be an excellent tool to resolve some of these problems. Finite Element Analysis is carried out on 
major components of fixture like adapter plate, rib, latch clamp and V block using Pro/Mechanica as shown in Fig. 
5. In the analysis shown below, resultant force due to weight of fixture, centrifugal force and cutting force is 
considered along with moments due to weight of fixture and centrifugal force.
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a b c d
Fig. 5. Finite Element Analysis of (a) adapter plate; (b) rib; (c) latch clamp; (d) V-block.
2.9. Analytical analysis of set up – I fixture
As main operation to be performed on component is outside diameter turning and maximum cutting force acts for 
this operation; calculation is made for the same. The data of cutting conditions are as under:
D = 223.4 mm,
n = 550 rpm,
s = 0.3 mm / rev,
t = 0.75 mm,
x = 450,
U = 0.03 kW/cm3/min
Y ʌ'Q1000                                                                                                                                                                (1)
v = 386 m/min
Sm = sn                                                                                                                                                                          (2)
Sm = 165 mm/min
Q = stv                                                                                                                                                                          (3)
Q = 86.85 cm3/min
as = s sin x                                                                                                                                                                    (4)
as = 0.212 mm
For, component made up of mild steel, HB = 300, as = 0.212 mm. Assuming flank wear = 0.2 mm; Correction factor 
for flank wear, Kh = 1.09. For Rake angle = 10o, Correction factor for rake angle KȖ = 1
N = U x Kh x KȖ x Q                                                                                                                                                     (5)
N = 2.84 kW
Assuming, Efficiency of transmission, E = 85 %
Nel = N/E                                                                                                                                                                      (6)
Nel = 3.34 kW
Pz = 6120Ng/v                                                                                                                                                              (7)
Pz = 519.49 N
Ts = 975 x N/n                                                                                                                                                             (8)
Ts = 58.07 N m     
As cutting force is only 519.49 N, two M 6 bolts with clamping force of 2.5 kN each is used to clamp the 
workpiece.                                            
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2.10. Design for manufacturing
Photograph of manufactured fixture of set up – I fixture is shown in Fig. 6 (a). Set up – II and set up - III fixtures
are shown in Fig. 6(b); (c). Same steps for mass balancing, finite element analysis and analytical analysis can be 
followed for set up - II and set up - III fixtures.
a b c
Fig. 6. (a) Photograph of manufactured fixture of set up -I fixture; (b) 3D view of set up - II fixture; (c) 3D view of set up - III fixture.
Conclusion
An integrated approach of design, manufacturing and mass balancing of rotary fixture has been adopted in this 
work. This approach is of crucial importance in real manufacturing environment. Actually HMC is the best solution 
for performing the required operations on component considered in this work, but a designer cannot ask industry to 
replace already existing set up of CNC turning centre with HMC as HMC costs around 12.5 million rupees whereas 
CNC turning centre costs only about 2.5 million rupees. Here the research work of this paper is proved; 10 million 
rupees are saved in machine installation cost. A simplified, analytical method of use of Creo Elements/Pro 5.0 is 
proposed to solve the balancing problem. This approach is very useful as it opens the door to a more general class of 
problem and difficult tasks such as asymmetrical fixture as is the case in this work. However, it is expected to have 
more flexibility in its application, since it is not sensitive to dynamic conditions. The present research work proposes 
three alternate methods for Computer Aided Mass Balancing Method (CAMBM), which ease fixture designer from 
tedious and time consuming work of solving mass balancing problem. IV quadrant and VIII diamond quadrant 
methods are found more accurate than VIII quadrant method. However, VIII diamond quadrant method is found 
marginally better than IV quadrant method. The findings of unbalanced mass and its location of C.G. are remarkably 
same as with experimental results on dynamic balancing machine. Fixture is only designed and mass balanced, but 
manufactured also; this paper sets the classical example of design for manufacturing.
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